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(54) SOLID HIGHPOLYMER ELECTROLYTE TYPE FUEL CELL 

(57)Abstract: 

PURPOSE: To provide a solid highpolymer electrolyte type fuel cell equipped 
with a reaction gas humidifier in which the stable amount of humidification is 
obtained in accordance with a change in the amount of reaction gas, the 
miniaturization and the capacity increase of which is easy to make. 
CONSTITUTION: The stack 10 of a solid highpolymer electrolyte type fuel cell is 
constituted by laminating plural layers unit cells 1 including a solid high polymer 
film 2, a fuel electrode 3 and an oxidant electrode 4 through a bipolar plate 
having reaction gas passages 6, 7 made of recessed grooves. Reaction gas 
humidifiers 11, 21, are provided, which are equipped with a vapor permeation 
film 12, a gas humidification chamber 13 defined by the film 12 and a chamber 
14 for gas to be humidified, and which humidify reaction gas while off-gas 
exhausted from a reaction gas passage is used as humidification gas and 



reaction gas supplied to the reaction gas passage is used as gas to be 
humidified. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The single eel which consists of a solid-state poly membrane which has 
ion conductivity, and the fuel electrode and oxidizer electrode arranged by 
sticking to the both sides In the thing which comes to carry out two or more layer 
laminating through the bipolar plate which has the reactant gas path which 



becomes the part which counters said fuel electrode of both sides of a gas 
impermeable plate, and each oxidizing agent electrode from a concave It has the 
steam transparency film, and the humidification gas chamber and the humidified 
gas chamber formed with this steam transparency film. The solid-state 
polyelectrolyte mold fuel cell characterized by coming to prepare the reactant gas 
humidification equipment which humidifies reactant gas by making into 
humidified gas the reactant gas which supplies the off-gas discharged from said 
reactant gas path to humidification gas and said reactant gas path. 
[Claim 2] The solid-state polyelectrolyte mold fuel cell according to claim 1 
characterized by forming and becoming so that the reaction air which the 
humidification gas chamber of reactant gas humidification equipment was open 
for free passage to the outlet side of an oxidizer path, introduced air pole off-gas, 
and the humidified gas chamber opened for free passage and humidified to the 
entrance side of an oxidizer path may be supplied to an oxidizer path. 
[Claim 3] The solid-state polyelectrolyte mold fuel cell according to claim 1 
characterized by forming and becoming so that the fuel gas which the 
humidification gas chamber of reactant gas humidification equipment was open 
for free passage to the outlet side of a fuel gas path, introduced fuel electrode 
off-gas, and the humidified gas chamber opened for free passage and humidified 
to the entrance side of a fuel gas path may be supplied to a fuel gas path. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the humidification structure of the 
solid-state polyelectrolyte mold fuel cell which used the solid-state poly 
membrane as an electrolyte membrane, and the reactant gas for humidifying a 



solid-state poly membrane especially. 
[0002] 

[Description of the Prior Art] Drawing 2 is the sectional view in which, and 
showing it, and the single eel 1 consists of a solid-state poly membrane 2 which 
has ion conductivity, and the fuel electrode (anode electrode) 3 and the oxidizer 
electrode (cathode electrode) 4 supported so that it might stick to the both sides. 
[ the single cellular structure of a solid-state polyelectrolyte mold fuel cell ] [ **] 
[ type ] Moreover, the bipolar plate 5 which pinches the single eel 1 consists of a 
gas impermeable plate which has conductivity. By supplying the oxygen or 
reaction air as an oxidizer to the oxidizer path 7 formed in the fuel gas path 6 
formed in the field side which touches the fuel electrode 3 as a concave as a 
concave in the hydrogen as fuel gas at the field side which touches the oxidizer 
electrode 4 The generation of electrical energy based on electrochemical 
reaction is performed by inter-electrode [ of the couple of the single eel 1 ]. In 
addition, the solid-state polyelectrolyte mold fuel cell of desired output voltage is 
obtained by carrying out two or more layer laminating of the single eel 1 and the 
bipolar plate 5 to less than [1V], since the output voltage of the single eel 1 
constituted in this way is low, and constituting a stack. 
[0003] On the other hand as a solid-state poly membrane 1 which has ion 
conductivity For example, the thing using the par fluorocarbon sulfonic-acid film 
(the U.S., Du Pont, trade name Nafion) which is proton exchange film as an 
electrolyte membrane is known. They are 20 ohm-cm at ordinary temperature by 
having and carrying out the saturation water of the proton (hydrogen ion) 
exchange group into a molecule. While the following specific resistance is shown 
and functioning as a proton conductivity electrolyte, it functions also as a 
diaphragm which prevents mixing of fuel gas and oxidant gas. Namely, the 
anode reaction (H2 ->2H++2e-) which disassembles a hydrogen molecule into a 
hydrogen ion and an electron in an anode electrode (fuel electrode) side A 
cathode reaction is performed, respectively, in a cathode electrode (oxidizer 
electrode) side, water is generated from oxygen, a hydrogen ion, and an electron 



- electrochemical reaction (2H++1/2 02+2e-->H2 O) - Electrochemical reaction 
which 2 02 ->H2 O [ H2+1/] Becomes as a whole is performed, and generated 
output is supplied to a load with the electron which moves toward a cathode in an 
external circuit from an anode. 

[0004] As mentioned above, while maintaining the inside of the solid-state poly 
membrane 2 to a saturation moisture state in order to maintain highly the 
generation efficiency of a solid-state polyelectrolyte mold fuel cell since the film 
functions as proton exchange film when solid-state polyelectrolyte type ********** 
carries out the saturation water of the electrolyte membrane, it is 50-100- 
degreeC about the operating temperature of a solid-state polyelectrolyte mold 
fuel cell. It is necessary to hold to extent and to keep low the specific resistance 
of a solid-state poly membrane. For this reason, after the solid-state 
polyelectrolyte film 2 of each ** eel 1 has carried out the water of the water of a 
saturation content beforehand, assembly operation of a stack is performed. 
However, if it generates electricity by raising an operating temperature to the 
above-mentioned temperature requirement, the desiccation operation of the 
solid-state poly membrane 2 shown below occurs, the solid-state poly membrane 
2 cannot be maintained to a saturation moisture state, but the problem that the 
generation efficiency of a solid-state polyelectrolyte mold fuel cell falls will occur. 
Namely, proton 2H+ generated in the anode reaction while the water generated 
by electrochemical reaction by fuel gas and oxidant gas was carried out out of 
the system In case the inside of a solid-state poly membrane is turned to a 
cathode from an anode and it moves, desiccation of a solid-state poly membrane 
advances by a child's water carrying out orientation several minutes, moving to a 
proton together, and being carried out out of a system with fuel gas and an 
oxidizer. 

[0005] Then, in order to avoid such a situation, water is added to the reactant gas 
(fuel gas and oxidizer) supplied to the reactant gas paths 6 and 7, the steam 
concentration in reactant gas (steam partial pressure) is raised, and what was 
constituted so that evaporation of the moisture from the solid-state poly 



membrane 2 might be suppressed is known. As the humidification approach of 
reactant gas, the humidifier which collected the molten baths heated more than 
the operating temperature of a fuel cell or it is formed in the exterior of a fuel cell, 
and the bubbling humidifying method which supplies the reactant gas which 
BABURINKU, humidified and humidified reactant gas in the warm water of this 
humidifier to each ** eel of a solid-state polyelectrolyte mold fuel cell is learned. 
[0006] 

[Problem(s) to be Solved by the Invention] In the humidification approach using 
an above-mentioned bubbling type humidifier Since it is necessary to adjust the 
amount of bubbling of the gas in a humidifier according to the amount of supply 
of reactant gas, while a solid-state polyelectrolyte mold fuel cell is enlarged and a 
humidifier is enlarged corresponding to the increase of the amount of bubbling, 
and this The problem that the control supplied without delay became difficult was 
in the fuel cell in the condition of having controlled the amount of bubbling 
corresponding to fluctuation of the load of a fuel cell, and having humidified 
enough. 

[0007] Moreover, it needed to ask for the heat source for holding the water 
temperature of a humidifier more than an operating temperature and an EQC, 
and feed water outside, and there was also a problem that the thermal efficiency 
as a solid-state polyelectrolyte mold fuel cell fell. The object of this invention is to 
obtain the amount of humidification which was concerned with change of the 
amount of reactant gas, and was stabilized that there is nothing, and obtain the 
solid-state polyelectrolyte mold fuel cell equipped with the reactant gas 
humidification equipment in which a miniaturization and large-capacity-izing are 
possible. 
[0008] 

[Means for Solving the Problem] The solid-state poly membrane which has ion 
conductivity according to this invention in order to solve the above-mentioned 
technical problem, The single eel which consists of the fuel electrode and 
oxidizer electrode which were arranged by sticking to the both sides In the solid- 



state polyelectrolyte mold fuel cell which comes to carry out two or more layer 
laminating through the bipolar plate which has the reactant gas path which 
becomes the part which counters said fuel electrode of both sides of a gas 
impermeable plate, and each oxidizing agent electrode from a concave It has the 
steam transparency film, and the humidification gas chamber and the humidified 
gas chamber formed with this steam transparency film. It shall come to prepare 
the reactant gas humidification equipment which humidifies reactant gas by 
making into humidified gas the reactant gas which supplies the off-gas 
discharged from said reactant gas path to humidification gas and said reactant 
gas path. 

[0009] Moreover, the humidification gas chamber of reactant gas humidification 
equipment shall be open for free passage to the outlet side of an oxidizer path, 
and air pole off-gas shall be introduced, and it shall form and become so that the 
reaction air which the humidified gas chamber opened for free passage and 
humidified to the entrance side of an oxidizer path may be supplied to an oxidizer 
path. Furthermore, the humidification gas chamber of reactant gas humidification 
equipment shall be open for free passage to the outlet side of a fuel gas path, 
and fuel electrode off-gas shall be introduced, and it shall form and become so 
that the fuel gas which the humidified gas chamber opened for free passage and 
humidified to the entrance side of a fuel gas path may be supplied to a fuel gas 
path. 
[0010] 

[Function] In the configuration of this invention, it has the steam transparency film, 
and the humidification gas chamber and the humidified gas chamber formed with 
this steam transparency film. By having constituted so that the reactant gas 
humidification equipment which humidifies reactant gas by making into 
humidified gas the reactant gas which supplies the off-gas discharged from a 
reactant gas path to humidification gas and a reactant gas path might be formed 
The off-gas with which the steam partial pressure rose by generation-of- 
electrical-energy generation water's serving as a steam, and joining reactant gas 



in a reactant gas path is made into humidification gas. While the closed circuit of 
the generation-of-electrical-energy generation water which humidifies non- 
humidified reactant gas with the steam which penetrated the steam transparency 
film using the difference of the steam partial pressure to non-humidified reactant 
gas, and is supplied to a fuel cell as humidification reactant gas is obtained Since 
the closed circuit of the generation-of-electrical-energy heat of formation which 
collects the heat energy of the off-gas with which generation of heat of a fuel cell 
was taken, and temperature rose to the reactant gas of ordinary temperature 
through the steam transparency film can be formed The generation water and 
heat of formation which a solid-state polyelectrolyte mold fuel cell discharges are 
recycled in reactant gas, and humidification and the function heated beforehand 
are obtained in reactant gas, without needing an external heat source. 
[001 1] Moreover, since the amount of reactant gas and the amount of off-gas 
which are supplied to a fuel cell always have proportionality and generation-of- 
electrical-energy generation water and heat of formation are also proportional to 
the amount of supply of reactant gas, the function to perform humidification and 
the preheating of reactant gas without delay, without needing special control is 
obtained. Furthermore, since the surface area of the steam transparency film can 
be easily extended corresponding to the amount of reactant gas, without 
enlarging reactant gas humidification equipment by folding up and arranging the 
steam transparency film for example, to a wave type, the function which easy- 
izes miniaturization of reactant gas humidification equipment and large capacity- 
ization is obtained. 

[0012] The function to prevent desiccation of the solid-state polyelectrolyte film 
more certainly is obtained further again by forming reactant gas humidification 
equipment in any a fuel gas and oxidant gas side, and preparing both sides. 
[0013] 

[Example] Hereafter, this invention is explained based on an example. Drawing 1 
is system configuration drawing in which, and showing it, and omits the duplicate 
explanation by giving the same reference mark to the same component as the 



conventional technique. [ the solid-state polyelectrolyte mold fuel cell which 
becomes the example of this invention ][**][ type ] In drawing, both the oxidizer 
humidification equipment 1 1 and fuel gas humidification equipment 21 as 
reactant gas humidification equipment are equipped with the steam transparency 
film 12 which forms the inside of the tight container in the humidification gas 
chamber 13 and the humidified gas chamber 14. For example, the Asahi Glass 
Co., Ltd. make and trade name SUNSEP-W are used for the steam transparency 
film 12. In addition, if it constitutes so that it may set in a tight container where the 
steam transparency film 12 is folded up in the shape of bellows, or it may form 
mutually using the steam transparency film of two or more sheets, respectively in 
two or more parallel humidification gas chambers 13 and humidified gas 
chambers 14, the advantage which can extend the surface area of the steam 
transparency film 12 corresponding to the maximum amount of supply of reactant 
gas, without enlarging a tight container will be acquired. 
[0014] Moreover, a fuel gas humidification system is constituted by connecting 
with the fuel gas path 6 by the side of the fuel electrode 3 of the solid-state 
polyelectrolyte mold fuel cell 10 the bomb 15 which stores the hydrogen as fuel 
gas through the humidified gas chamber 14 of a regulator valve 16 and fuel gas 
humidification equipment 21, and constituting so that the fuel electrode off-gas 
discharged from the outlet side may be emitted out of a system through the 
humidification gas chamber 13 and a relief valve 16. Moreover, the humidification 
system of an oxidizer is constituted by connecting with the oxidizer path 7 by the 
side of the oxidizer electrode 4 of the solid-state polyelectrolyte mold fuel cell 10 
the reaction air as an oxidizer supplied by the reaction air blower 18 through the 
humidified gas chamber 14 of oxidizer humidification equipment 1 1 , and 
constituting so that the air pole off-gas discharged from the outlet side may be 
emitted out of a system through the humidification gas chamber 13 and a relief 
valve 19. 

[0015] Since the generation-of-electrical-energy generation water which 
generated oxidizer humidification equipment 1 1 with the oxidizer electrode 4 for 



example, in the oxidizer path 7 of a fuel cell 10 serves as a steam and it joins 
reaction air in the solid-state polyelectrolyte mold fuel cell constituted as 
mentioned above, the steam partial pressure of the air pole off-gas discharged 
from the oxidizer path 7 rises, and the difference of a steam partial pressure 
occurs between the reaction air which carries out counterflow contact through the 
steam transparency film 12. Moreover, the heat energy of the air pole off-gas 
with which generation of heat of a fuel cell was taken, and temperature rose 
more than the operating temperature of a fuel cell is transmitted to the reaction 
air of ordinary temperature through the steam transparency film 12, and the 
temperature of reaction air rises even near the operating temperature. 
Consequently, the steam which penetrated the steam transparency film 12 using 
the difference of a steam partial pressure can supply the reaction air near the 
operating temperature which will humidify the reaction air which is not humidified 
[ which it preheated near the operating temperature ], and was humidified by the 
saturation state to the oxidizer electrode 4 through the oxidizer path 7 of a solid- 
state polyelectrolyte mold fuel cell, and can prevent desiccation of an electrode. 
Thus, according to oxidizer humidification equipment 11, the generation-of- 
electrical-energy generation water and heat of formation of a solid-state 
polyelectrolyte mold fuel cell can be recycled in an ordinary temperature and 
reaction non-humidified air side, and humidification and the preheating of 
reaction air can be performed simultaneously. 

[0016] Moreover, since the amount of reactant gas and the amount of off-gas 
which are supplied to a fuel cell are always in proportionality and generation-of- 
electrical-energy generation water and heat of formation are also proportional to 
the amount of supply of reactant gas, it is carried out without delay, without 
needing humidification of reactant gas, and control with a special preheating, and 
the advantage which can supply the reactant gas humidified corresponding to 
fluctuation of a load to a solid-state polyelectrolyte mold fuel cell is acquired. 
[0017] Furthermore, since the surface area of the steam transparency film can be 
easily extended corresponding to the amount of reaction GASUGA, without 



enlarging reactant gas humidification equipment by folding up and arranging the 
steam transparency film for example, to a wave type, the advantage which can 
carry out [ easy ]-izing of the miniaturization of reactant gas humidification 
equipment and the large-capacity-izing is acquired. In addition, although the 
function obtained also about fuel gas humidification equipment 21 is the same as 
that of it of oxidizer humidification equipment 1 1 , the oxidizer path 7 side has 
many burst sizes of generation-of-electrical-energy generation water, and a 
bubbling type humidifier etc. is formed auxiliary, and since it is few to a fuel gas 
path side, when the amounts of humidification of the fuel gas by fuel gas 
humidification equipment 21 run short, it may be constituted so that lack of the 
amount of humidification may be compensated. 
[0018] 

[Effect of the Invention] This invention was equipped with the steam transparency 
film, and the humidification gas chamber and the humidified gas chamber formed 
with this steam transparency film as mentioned above, and it constituted it so that 
the reactant gas humidification equipment which humidifies reactant gas by 
making into humidified gas the reactant gas which supplies the off-gas 
discharged from a reactant gas path to humidification gas and a reactant gas 
path might be formed. Consequently, while recycling the generation-of-electrical- 
energy generation water and heat of formation of a solid-state polyelectrolyte 
mold fuel cell in an ordinary temperature and non-humidified reactant gas side 
through the steam transparency film and being able to perform humidification and 
the preheating of reactant gas simultaneously The amount of reactant gas and 
the amount of off-gas which are supplied to a fuel cell are always in 
proportionality. Since the surface area of the steam transparency film can be 
easily extended corresponding to the amount of reactant gas, without being able 
to perform humidification and the preheating of reactant gas without delay 
corresponding to fluctuation of a load, without needing special control, and 
enlarging reactant gas humidification equipment The trouble in the conventional 
humidification approach using a bubbling type humidifier is eliminated, the ** 



which does not need makeup of an external heat source or water -- large- 
capacity-izing and a miniaturization -- easy steam humidification equipment can 
be used, the reactant gas which corresponded to fluctuation of a load without 
delay, and humidified and preheated can be supplied to a fuel cell, and the solid- 
state polyelectrolyte mold fuel cell which can prevent desiccation of the solid- 
state polyelectrolyte film can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Systetn configuration drawing in which, and showing it [ the solid- 
state polyelectrolyte mold fuel cell which becomes the example of this invention ] 
mitype] 

[Drawing 2] The sectional view in which, and showing it [ the single cellular 
structure of a solid-state polyelectrolyte mold fuel cell ][**][ type ] 
[Description of Notations] 

1 Single Cel of Solid-state Polyelectrolyte Mold Fuel Cell 

2 Solid-state Polyelectrolyte Film 

3 Fuel Electrode 

4 Oxidizer Electrode 

5 Bipolar Plate 

6 Fuel Gas Path 

7 Oxidizer Path 

10 Solid-state Polyelectrolyte Mold Fuel Cell (Stack) 

11 Reactant Gas Humidification Equipment (Oxidizer Humidification Equipment) 

12 Solid-state Polyelectrolyte Film 

13 Humidification Gas Chamber 

14 Humidified Gas Chamber 



15 Hydrogen Bomb 
18 Reaction Air Blower 

21 Reactant Gas Humidification Equipment (Fuel Gas Humidification Equipment) 
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ft«^?«(BKSW4tt?i 1 O£DSHbffltttI4fflij0gHb 

»jas&7tca$gL, *<oapfi8fr6SPffi*ft«ffi«ta* 
7/jx*ma«^*i 3fe*t;yy-7#i 95-v>lt 

JWHcttfflT* * c <h [cj; y s KfbiSJOSPa 

S6«*ft^o 

[0 0 15] ±a©«fc3fc«tf*ftfeHttK$HMl»* 

liiBSHWjiwcfeiNTBMbWttiaea 1 1 tt» «9A««m 



(4) 



WMT6-1 3 2 038 



mm i o (Dmmim® i a -zwmmm 4 u fc» 

*£fifekff*l!fct £ * -3 T J5JS£«i tc jrafr § o 7\ Kft 
±J*U TfORIftaffllMI 2£ftLTftS8i4-r3HS£ 

^LT^;a<DSjs^tcG)S*n, sj&aftiaasffa 
ttmm LT*msiQmm i 2 «affl.LfcdcffiftMfiBiii 

«. £<D<fc?tC> »ft$J2]P9g1I1 UCfefttf, HftS 

S, *SPfflfl!)SJi6ffi«flJ[E U W?/l/LTBfc£Mtf)»P 

[0 0 16] TOmjffilC^rSSJS^mi^ 
7 jjx»<fc tt«Ktt«9B«H:* y s fr^BttfcdSTjcas* 

So 

[0 0 17] £5tCs *JS*3»flM*«!IAtfa@»cSfy 

ft, *s«fb*a«fl:?*«*Jatffcsn*. ftfc\ «b 
**#xapseii2 1 ic-o^T$>®Bn%mmimmim 
asm i »«£«*«)»ffl« 
#HHfcaia8 7 ffl'jic# < , muxmmK'jutvtc 
&s tmtsxin ! a&&2 1 ic<fc^»^x0»pa«*^ 
E-r**&ictts /^y vy^nassft^ffisawfcR 

[00 18] 



tyfiTs *tttii#x, jxj^tfx auftfcmft? « JSJStfx 

*«bPa#X£LT5l6#X*JPaT3^#Xtt]a« 

M»4«^^5S«Sfi)67j<j3 <fc U ! £^M$7K9RHRSifllt« 
j>LT)KS, jfejQSCfiJC^fllK'J^'r^/l/U 

#xa>jpaa3 Mmmmtt*.* t twc mm 
K*y» jiWflDSiiKWjtsuTEa^xojiipafiJ:^ 

y v^aaaafifflo^fcfieswspjasaTCBaHiafl 5 ^ 

[01] cl£D^©lli5fe^tCftSllttS»?mftl»^ 
[02] HWiS»?WSI*S!«SI4«Jl!!©*-b;U»Jt** 
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js^xanant (»«xjjpa^B) 
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